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METHOD AND APPARATUS FOR WELDING 
WITH CV CONTROL 

RELATED APPLICATIONS 

This is a continuation of, and claims the bene?t of the 
?ling date of, US. patent application Ser. No. 10/268,514, 
?led on Oct. 9, 2002 now US. Pat. No. 6,909,067. 

FIELD OF THE INVENTION 

The present invention relates generally to the art of 
Welding poWer supplies. More speci?cally, it relates to 
Welding systems that have a CV control. 

BACKGROUND OF THE INVENTION 

There are many knoWn types of Welding systems used for 
many different Welding processes. Welding system, or sys 
tem for Welding, as used herein, includes one or more of a 

poWer source, controller, Wire feeder, and a source of gas, it 
may also include peripherals such as robots etc. Welding 
poWer supply, as used herein, includes any device capable of 
supplying Welding, plasma cutting, and/or induction heating 
poWer including poWer circuitry, control circuitry and other 
ancillary circuitry associated thereWith. 
One type of Welding system includes a CC Welding poWer 

source. A CC Welding poWer source, as used herein, is a 
current controlled poWer source, Wherein the output current 
is monitored, and the output is adjusted to provide the 
desired current. The current may be constant during the 
Welding process, or may have a desired Waveform of varying 
current. 

Another type of Welding system includes a CV poWer 
source. A CV Welding poWer source, as used herein, is a 
voltage controlled poWer source, Wherein the output voltage 
is monitored, and the output is adjusted to provide the 
desired voltage. The voltage may be constant during the 
Welding process, or may have a desired Waveform of varying 
voltage. Some CV Welding poWer sources use a current 
command, and adjust the current in response to the moni 
tored voltage, thereby adjusting the arc voltage by the 
change in current across the load. 
One knoWn Welding process is a pulsed MIG process. The 

pulsed MIG process typically has a cyclical output having at 
least a peak segment With a relatively high current and a 
background segment With a relatively loW current. Gener 
ally, it is desirable to maintain a constant arc length during 
each segment, to help keep the process consistent. Unfor 
tunately, during the process the torch angle and/or distance 
to the Work piece may be inadvertently varied by the Welder. 
This results in undesirable changes to the arc length. 

Prior art control schemes attempted to control arc length 
by using a CV control because arc (load) voltage is generally 
related to arc length for a given Welding current. Thus, 
keeping a constant voltage for a given current maintains a 
constant arc length. Most prior art CV controllers for pulsed 
MIG average the arc voltage over at least one cycle, and then 
adjust the output for the next cycle in response to the 
average. The average has been taken over a plurality of 
cycles, an entire cycle, over only the background segment, 
or over only the peak segment. Because the average is taken 
over at least one cycle, the output (and arc length) is not 
changed until at least the folloWing pulse cycle. 

Averaging over one or more cycles yields a control 
scheme With a relatively sloW response. The sloW response 
forced a choice betWeen a tighter arc (Which provides better 
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2 
control of the Weld puddle), and explosive clearing of shorts 
and spatter (Which adversely affects the quality of the Weld). 

Accordingly, a control scheme for pulsed MIG that pro 
vides fast response to control the arc, and does not result in 
undesirable short clearing, is needed. Preferably such a 
control scheme Will be able to be used in other processes 
such as CMT (controlled metal transfer or short circuit) or 
AC MIG. 

SUMMARY OF THE PRESENT INVENTION 

According to a ?rst aspect of the invention a method of 
controlling a Welding poWer supply includes providing a 
cyclical CV output and dividing each cycle into at least tWo 
segments. An output parameter is sampled a plurality of 
times Within at least a one of the segments. The CV output 
is controlled Within the at least one segment in response to 
the sampling. 

According to a second aspect of the invention a system for 
providing Welding poWer includes a Welding poWer supply, 
a feedback module, and a controller. The poWer supply has 
a CV output With an output voltage, and is a series of cycles, 
each With at least tWo segments. The feedback module is 
connected to the output, and provides feedback to the 
controller. The controller has a sampling module that 
receives the feedback, and an output control signal respon 
sive to the sampling module. 
The parameter is sampled a plurality of times Within at 

least a second of the segments, or each of the segments, and 
the CV output is controlled Within the second segment, or 
each of the segments, in response thereto, in alternative 
embodiments. 

Sampling the parameter includes sampling an output 
poWer, a resistance of the load, an output current, an output 
voltage, or functions thereof in various embodiments. 
The sampled voltage is compared to a desired voltage to 

obtain an error, and the output is controlled in response to 
the error in another embodiment. A gain, preferably depen 
dent upon the segment in Which the sampling is taken, is 
applied to the error, and/or a PI or PID control loop is 
applied in various embodiments. 
The desired voltage is taught at a plurality of data points, 

or is from a ?xed set of data points in other embodiments 
The output is controlled by changing an output current, an 

output voltage, or an output poWer in some alternatives. A 
minimum output current is provided in another alternative. 
The sampling is performed in a WindoW Within the 

segment, and the WindoW does not extend to the beginning 
or the end of each segment in one embodiment. The output 
may be controlled to be at least partially a CC output outside 
of the WindoW. 
The arc length is controlled to be a desired length in one 

embodiment. 
The output is a pulsed MIG output, CMT output, and AC 

MIG output in various embodiments. 
The controller includes an error module connected to the 

sampling module, has a desired voltage input in another 
embodiment. The controller has a gain module connected to 
the error module, and/or a PI or PID control modules in 
additional embodiments. A desired voltage teaching module, 
or a ?xed data point set, provide the desired voltage input in 
other embodiments. 
The controller includes a WindoW module connected to 

the sampling module, and the controlling in response to the 
sampling is performed in a WindoW Within each segment in 
another embodiment. The system controller further includes 
a CC control module, and the output control module respon 
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sive to one or both of the CC control module and the 
sampling module, depending on the state of the WindoW 
module. 

The controller is an arc length controller in another 
embodiment. 

Other principal features and advantages of the invention 
Will become apparent to those skilled in the art upon revieW 
of the folloWing draWings, the detailed description and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is block diagram of a system for providing Welding 
poWer in accordance With the present invention; 

FIG. 2 is a graph shoWing an output Waveform in accor 
dance With the present invention; 

FIG. 3 is a block diagram of a controller in accordance 
With the present invention; and 

FIG. 4 illustrates a Welding arc. 
Before explaining at least one embodiment of the inven 

tion in detail it is to be understood that the invention is not 
limited in its application to the details of construction and 
the arrangement of the components set forth in the folloWing 
description or illustrated in the draWings. The invention is 
capable of other embodiments or of being practiced or 
carried out in various Ways. Also, it is to be understood that 
the phraseology and terminology employed herein is for the 
purpose of description and should not be regarded as lim 
iting. Like reference numerals are used to indicate like 
components. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

While the present invention Will be illustrated With ref 
erence to a particular system for providing Welding poWer, 
With particular components, and used for particular pro 
cesses, it should be understood at the outset that the inven 
tion may also be implemented With other Welding systems, 
processes, components, controllers, etc. 

Generally, the invention provides for controlling a Weld 
ing process, such as pulse CV MIG Welding., by sampling 
the output (or arc) voltage Within each segment of the output 
Waveform, and adjusting the output in response to the 
sampling and a desired voltage, for a very fast control. The 
output is adjusted in response to each sample, or in response 
to a plurality of samples, but the adjustment is made Within 
the cycle in Which the sample or samples are taken. 

Preferably, the control scheme provides each segment 
With a gain, and provides a number of taught or preset data 
points (of desired voltage) Within each segment. The integral 
term is taken over the current and/or past cycles in various 
embodiments. The controller provides a control loop With an 
error, and either a PI or PID control loop in the preferred 
embodiment. The control is preferably adaptative in that it is 
taught at various points and it changes the output Within a 
cycle based on the output of that cycle. 

The invention may also be implemented With other pro 
cesses, particularly multi-segment processes like CMT and 
AC MIG that bene?t from a stable arc length. 

Because the control is based on output voltage feedback, 
Which is related to arc length, the present invention is readily 
used to perform a process With constant arc length. 

Referring noW to FIG. 1, a system for providing Welding 
poWer 100 in accordance With the present invention includes 
a poWer source 102 and a Wire feeder 106, that are controlled 
by a controller 104 to produce a Welding arc 108. The 
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4 
various components may be disposed in separate or common 
housings, and may be in more than one housing (a portion 
of controller 104 can share a housing With poWer source 102, 
While another portion share a housing With Wire feeder 106). 

Controller, as used herein, includes digital and analog 
circuitry, discrete or integrated circuitry, DSPs, micropro 
cessors, etc., and softWare, hardWare and ?rmware, located 
on one or more boards, used to control a device such as a 

poWer supply. The preferred embodiments provides that 
poWer source 102 is a Miller netWorked poWer source such 
as that described in US. Pat. No. 6,329,636 and Wire feeder 
106 is a Miller netWorked Wire feeder. Controller 104 is part 
of the commercially available components in this embodi 
ment. 

Preferably, system for providing Welding poWer 100 is a 
CV MIG poWer supply and provides a CV MIG output. 
PoWer source 102 of the preferred embodiment has a current 
command and provides an output current, preferably a 
pulsed output (and is thus a pulsed poWer supply) in 
response thereto. It is operated in CV mode by feeding back 
the output voltage and adjusting the output current to effect 
the desired change in output voltage. CV output, as used 
herein, is an output With a controlled voltage that may be 
used for CV Welding. CV poWer source, as used herein, 
includes a poWer source that provides a desired output 
voltage, either constant, or in accordance With a varying 
Waveform. 

Alternative embodiments provide that system for provid 
ing Welding poWer 100 be a CMT or AC MIG poWer supply 
and provide a CMT or AC MIG output. CMT output, as used 
herein, is an output that may be used for CMT Welding. AC 
MIG output, as used herein, is an output that may be used for 
AC MIG Welding. CMT poWer source, as used herein, 
includes a poWer source that provides a CMT output. AC 
MIG poWer source, as used herein, is a poWer source that 
provides an AC MIG output. Other alternatives provide that 
the sampled output parameter is current, poWer, load resis 
tance, or arc length. 

Controller 104 controls poWer supply 102 to provide a 
cyclical CV output, having at least a peak segment and a 
background segment. Referring noW to FIG. 2, an example 
of a cyclical CV output from a system for providing Welding 
poWer in accordance With the present invention is shoWn, 
Where graph 202 is the voltage Waveform and graph 208 is 
the current Waveform. Segments 204 are the background 
segments and segments 206 are the peak segments. Cyclical 
Welding output, as used herein, includes Welding output that 
may be characteriZed a as a series of cycles, Wherein each 
cycle may be the same, similar or different. Segment, as used 
herein, includes a portion of a Welding cycle. 

Controller 104 is a CV controller and samples the output 
voltage many times (about every 100 usec or 10,000 times 
per cycle in the preferred embodiment) each cycle. The 
sampling occurs during both the background and peak 
segments. Each cycle has more than 2 segments in various 
embodiments, and the sampling occurs in all or less than all 
of the segments. Sampling,.as used herein, includes feeding 
back an analog signal, or a discrete signal, that is responsive 
to an output parameter such as voltage, current, arc length, 
poWer, or load resistance. 

Each output voltage feedback sample is compared to 
desired output voltage in the preferred embodiment. (Mul 
tiple samples Within one cycle may be averaged and com 
pared in other embodiments). The difference, or error, is 
used in a control loop, such as a PI or PID control loop. The 
gain of the control loop is different for each segment, in the 
preferred embodiment. Thus, the gain for a sample is depen 
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dent upon the segment in Which the sample is taken. 
Alternative embodiments provide for the same gain, or for 
different gains Within the segment. 

The output of the control loop is used to control the output 
current of poWer source 102 in the preferred embodiment. 
Changing the output current effects a change in output 
voltage, and thus a change in arc length. 

FIG. 2 shoWs a rounding of the comers of the transition 
betWeen segments, Which provides a quieter arc. The 
rounded comers are provided by using a CC control (or 
partial CC control) scheme near the transitions to obtain a 
CC output, and the CV control scheme in a WindoW (a 
sub-segment of a segment) aWay from the transitions. A CC 
control, a CV control, or a combination thereof is used to 
ramp betWeen peak and background in various embodi 
ments. 

Another bene?t of rounding the comers is a greater 
immunity to secondary loop inductance. A large sudden 
change to current is di?icult to achieve in an inductive 
system, although in a CC ramp mode there may be sudden 
changes to the rate of change of current (Dl/DT) at the start 
and stop of each ramp. By maintaining a voltage, and 
rounding the corners there are less drastic changes to the 
current. 

CV control, as used herein, includes controlling a poWer 
source to provide a desired output voltage, either constant, 
or in accordance With a varying Waveform. CC control, as 
used herein, includes controlling a poWer source to provide 
a desired output current, either constant, or in accordance 
With a varying Waveform. CC output, as used herein, is an 
output With a controlled current that may be used for CC 
Welding. 

The control loop changes the output in response to a given 
sample Within the segment the sample Was taken. This is 
called controlling the process Within a given segment. 

The Wave form of FIG. 2 is divided into tWo segments, 
each With CV control Within a WindoW and CC control 
outside of the WindoW. The tWo segments are peak and 
background. The Waveform could be divided into additional 
segments, each With a gain. The WindoW does not extend to 
the beginning or to the end of the segment, and in the 
preferred embodiment the WindoW covers 90*95% of the 
segment, With equal portions outside the WindoW on either 
end. Not extending to the beginning or the end of each 
segment, as used herein, includes not being With 0.5% of the 
beginning or the end of the segment. In one embodiment the 
WindoW extends to one of the beginning and the end of the 
segment, but not the other. 

Controller 104 is taught the desired voltages (from Which 
the errors are derived in conjunction With the sampled 
voltage) for various Wirefeed speeds and the values are 
interpolated betWeen the taught points in the preferred 
embodiment. In other Words the user sets the desired volt 
ages for a particular Waveform, by doWnloading a Wave 
form, entering a teaching mode, data entry, etc. The desired 
data points are preset in other embodiments. Each desired 
voltage is called a data point. 

Controller 104 also commands poWer source 102 to 
provide a minimum output current, regardless of the feed 
back loop, so that the arc does not extinguish, or go beloW 
a spray threshold. When the minimum is reached, other 
parameters are controlled to move the current aWay from the 
minimum, so that the CV loop can be used to control the 
process, in one embodiment. 

Referring noW to FIG. 3, a block diagram of controller 
104 is shoWn, and includes a feedback or sampling module 
302, a desired voltage teaching module (or a ?xed data set) 
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6 
304, an error module 306, a gain module 308, a PI module 
310 (or a PID module in an alternative embodiment), a 
minimum current module 312, a CC control module 314, a 
WindoW module 316 and a current command module 318, 
Which cooperate to provide a current command signal to 
poWer source 102. Module, as used herein, includes soft 
Ware and/or hardWare that cooperates to perform one or 
more tasks, and can include digital commands, control 
circuitry, poWer circuitry, netWorking hardWare, etc. 

Controller 104 receives a feedback signal on line 303, and 
provides it to sampling module 302. The feedback signal is 
indicative of output voltage in the preferred embodiment, 
but may be other parameters as discussed above. Output 
voltage (or other output parameters) may be measured at the 
output studs, in the poWer supply or Wire feeder, at the arc, 
or other places that indicate the arc or load voltage. The 
fedback signal may also be a function of the fedback 
parameter, such as derivative, integral, poWer, log, product, 
difference, etc., or combinations thereof. Sampling module 
302 samples the fedback signal, or it may receive discrete 
fedback samples. Controller 104 is a digital controller and 
implemented With softWare in the preferred embodiment, 
and sampling module 302 includes an AiD converter. It is 
implemented With hardWare (digital or analog) in other 
embodiments. 
The signal indicative of the sampled output parameter is 

provided from sampling module 302 to error module 306. 
The desired voltage from set point module or desired voltage 
teaching module 304 is also provided to error module 306, 
Which ?nds the difference therebetWeen. Set point module 
304 is a look up table in the preferred embodiment, and error 
module 306 is digitally implemented in the preferred 
embodiment. A desired voltage is set (taught) for a speci?c 
process, Wire type, siZe, gas and Wire feed rate in the 
preferred embodiment. Module 304 interpolates betWeen 
taught points. If the desired voltage is left at Zero, the CV 
adaptive loop is not active for that Waveform segment. Thus, 
the CV control can be turned off for a particular segment, or 
part of a segment. 

The “rounding” at the transitions (shoWn in FIG. 2) can be 
implemented by setting the “taught” value to Zero near the 
transitions, thus turning off the CV control near the transi 
tions. A fast CC ramp can be used to transition to a point at 
Which a sloWer CV rate of ramping (based on voltage error) 
can be used to soften corners. This generates a quieter arc 
(for user appeal) and also makes the system less susceptible 
to Weld cable inductance issues. 
The error signal from error module 306 is provided to gain 

module 308, Which applies a gain based on the segment the 
sample Was taken from, in the preferred embodiment. The 
gain for the segment is chosen to provide a desired response 
to achieve an output voltage desired for that segment (Which 
also determines the arc length). 
The output of gain module 308 is provided to P1 control 

module 310, Which applies a PI control scheme and provides 
as an output a control signal (based on a value proportional 
to the error and the integral of the error). Alternative 
embodiments include a PI control scheme, or control 
schemes based on other functions of the error. 
The output of control module 310 is provided to current 

command module 318 Where it is summed With the current 
command, to effect a change in the output current, in the 
preferred embodiment. Current command module 318 pro 
vides an output current command signal that dictates the 
magnitude of the current provided by poWer source 102. The 
output command dictates output voltage or output poWer in 
alternative embodiments. 
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Minimum current module 312 provides a minimum cur 
rent signal to current command module 318, Which insures 
the current is not commanded to be below a desired thresh 
old. The minimum current prevents the adaptive scheme 
from forcing the current doWn to a point Where the arc 
cannot be maintained (seen visually in the arc as an arc 
outage), or to a level Where-the desired transfer character 
istics are lost. 
CC control module 314 also provides a signal to current 

control module 318, Which provides the CC command, used 
for CC control. CC control module may also receive feed 
back, and control in accordance With knoWn control 
schemes. The CC command sets the rate of change betWeen 
segments in the preferred embodiment. 
WindoW module 316 provides a WindoW signal to current 

command module 318, indicating if the output Wave form is 
in the WindoW in Which the CV control Will be applied. The 
output (state) of WindoW module 316 may be on (inside the 
WindoW) and current command module 318 sums the CV 
command With the current command, the state may be off 
(outside the WindoW) and current command module 318 
does not sum the CV command With the current command, 
or it may call for a scaled back CV command to be added to 
the current command. 

The combined CV and CC controls of the preferred 
embodiment provide synergistic bene?ts. The CV ramp 
prevents the overshoots and undershoots of a strictly CC 
ramping system. The CC ramp alloWs the current to change 
rapidly so that the CV gains can be optimiZed for the plateau 
regions of the Waveform. 

The control modules may be implemented With the fol 
lowing pseudo-code: 

Sample the Actual_Voltage. 
If not in Constant Current mode and a Constant Voltage 
command exists for this phase 

VoltageiError = DesirediVoltage — ActualiVoltage 

CViAdjustrnent = VoltageiError * 

PhaseiSpeci?ciGain 
NeWiWelderiOutputiCommand = 

OldiWelderiOutputiCommand + CViAdjustrnent 
if (NeWiWelderiOutputiCommand < MinimumiCurrent) 

NeWiWelderiOutputiCommand = 

MinimuIniCurrent ; 

One aspect of the present invention is to use the CV 
control and controller 104 as an arc length controller. Arc 
length controller, as used herein, is a controller that controls 
the output of a system for Welding such that the arc length 
is controlled to be a desired length, preferably a constant 
length. This is done regardless of changes to torch angle, and 
stickout, FIG. 4 shoWs stickout, torch angle, arc length and 
tip to Work distance. 

The arc length controller may be implemented With the 
CV control because arc length generally folloWs arc voltage. 
It may also be implemented using other Welding output 
parameters, such as output current, output voltage, output 
poWer, load resistance, etc., as the fedback parameter. 

The frequent sampling and changing the output in the 
same cycle provides a very fast response to changes in arc 
length. This provides a tighter more controllable Weld, 
Without the undesirable spatter. The tighter arc alloWs good 
Weld penetration into the Weld piece, but does not have an 
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8 
excessively ?uid Weld puddle. The arc length controller 
embodiment helps the Welder Weld in a variety of orienta 
tions, including vertically up or doWn. 
A minimum peak current setting is provided in one 

alternative. This Would prevent the CV control from driving 
the peak current so loW that the ball (of molten metal) is not 
detached. 

Other alternatives provide that the user can change the 
frequency (by a ?ne adjustment knob) to add or subtract arc 
length for user ?ne-tuning of the arc. In another alternative, 
it may be possible to adjust the peak and background 
voltages, and/or adjust relative times of high and loW voltage 
segments as a different method of adjusting the arc length. 

Yet another alternative applies the control scheme to melt 
rate or a mathematical representation of arc length. 
Numerous modi?cations may be made to the present 

invention Which still fall Within the intended scope hereof. 
Thus, it should be apparent that there has been provided in 
accordance With the present invention a method and appa 
ratus for arc Welding that fully satis?es the objectives and 
advantages set forth above. Although the invention has been 
described in conjunction With speci?c embodiments thereof, 
it is evident that many alternatives, modi?cations and varia 
tions Will be apparent to those skilled in the art. Accordingly, 
it is intended to embrace all such alternatives, modi?cations 
and variations that fall Within the spirit and broad scope of 
the appended claims. 

The invention claimed is: 
1. A method of controlling a Welding poWer supply, 

comprising: 
providing a cyclical output having a voltage; 
dividing each cycle into at least tWo segments; 
sampling an output parameter a plurality of times Within 

at least a one of the segments; 

controlling the output in a WindoW Within the at least one 
segment in response to the sampling performed Within 
the at least one segment to be a CV output, Wherein the 
WindoW does not extend to at least one of the beginning 
and the end of at least one segment; and 

controlling the output outside the WindoW Within the at 
least one segment to be a CC output. 

2. The method of claim 1, further comprising: 
sampling the parameter a plurality of times Within at least 

a second of the segments; and 
controlling the output Within the at least a second segment 

in response to the sampling performed Within the at 
least a second segment to be a CV output. 

3. The method of claim 2, Wherein sampling the parameter 
includes sampling an output poWer. 

4. The method of claim 2, Wherein sampling the parameter 
includes sampling a resistance of the load. 

5. The method of claim 2, Wherein sampling the parameter 
includes sampling an output voltage. 

6. The method of claim 5, further comprising comparing 
the sampled voltage to a desired voltage and obtaining an 
error therefrom, and Wherein the controlling Within the 
WindoW is responsive to the error. 

7. The method of claim 6, further comprising applying a 
gain to the error, Wherein the gain is dependent upon the 
segment in Which the sampling is taken. 

8. The method of claim 7, Wherein the desired voltage is 
taught at a plurality of data points. 

9. The method of claim 7, Wherein the desired voltage is 
from a ?xed set of data points. 
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10. The method of claim 7, further comprising applying a 
PI control scheme. 

11. The method of claim 7, further comprising applying a 
PID control scheme. 

12. The method of claim 5, Wherein controlling the output 
includes changing an output current. 

13. The method of claim 12, further including providing 
a minimum output current. 

14. The method of claim 5, Wherein controlling the output 
includes changing an output voltage. 

15. The method of claim 1, Wherein the method is used to 
control an arc length to be a desired arc length. 

16. The method of claim 1, Where the CV output is a 
pulsed output. 

17. The method of claim 1, Where the output is a CMT 
output. 
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18. A method of controlling a Welding poWer supply, 

comprising: 
providing a cyclical CV output having a voltage; 
dividing each cycle into at least tWo segments; 
sampling an output parameter a plurality of times Within 

at least a one of the segments; 
controlling the output in a WindoW Within the at least one 

segment in response to the sampling performed Within 
the at least one segment; 

sampling the parameter a plurality of times Within each of 
the segments; and 

controlling the CV output Within each of the segments in 
response to the sampling performed Within each seg 
ment. 


